The rare decays B 
Introduction
In the Standard Model (SM), rare B decays B
e, µ) are induced byb →dℓ + ℓ − flavor changing neutral current (FCNC) and expected to be highly suppressed. These decays could be an important testing ground of the SM and offer a complementary means to search for new physics by probing the indirect effects of new interactions.
The physical aspects of these decays are similar to the b → sℓ + ℓ − decays, which, due to its much larger rates, have been studied much more extensively in the SM [1, 2, 3, 4] and its various extensions [5, 6, 7, 8, 9, 10] . Additionally to the b → sℓ + ℓ − decays, the b → dℓ + ℓ − decays would serve an independent test for new flavor changing interactions. Experimental progresses aimed to such semileptonic FCNC decays have been made by BABAR [11] and Belle [12] with the measurements of the forward-backward asymmetry (A F B ) of B → K * ℓ + ℓ − and the branching ratios of both B → K * ℓ + ℓ − and Kℓ + ℓ − . Furthermore, the radiative b → dγ penguin processes B → ργ and ωγ have been measured by BABAR [13] and Belle [14] . Along with these progresses, BABAR, Belle and CDF have begun to probe b → dℓ + ℓ − decays. Recently, BABAR has made a search for B → πℓ + ℓ − and B 0 d → ℓ + ℓ − decays [15] . It's interesting to note that the new upper limit of B(B → πℓ + ℓ − ) < 9.1 × 10 −8 at 90% C.L. [15] has improved the previous upper limits [17] by four orders of magnitude. Meanwhile, the upper limit of B(B
has been improved to be B(B 0 d → µ + µ − ) < 1.5 ×10 −8 at 90% C.L. by CDF [16] . These renewed upper limits from BABAR [15] and CDF [16] will provide powerful constraints on new physics.
In the literature, many useful observables in B → ρℓ + ℓ − and B → πℓ + ℓ − decays, such as branching ratio, CP -asymmetry, forward-backward asymmetry etc., have been investigated in the framework of the SM [18] , the two Higgs doublet models [19, 20, 21] and supersymmetry models (SUSY) [22] . With the new upper limits, it would be very worthy to study these decays in other new physics models to derive bounds on the relevant parameters.
In this paper, we will study these decays in the R-parity violating (RPV) supersymmetric standard model [23, 24, 25] . The phenomenological constraints on the RPV couplings have been studied extensively in B decays [26] . At first, we will update the SM expectations of these decays with the up-to-date inputs, such as the new light-cone QCD sum rules results for B → π(ρ)
form factors [27] and the electro-weak parameters [28] . To make realistic estimations, we have taken into account of the uncertainties of the input parameters by varying them randomly within 1σ variance.
The decays B 
The paper is organized as follows. In Sec. 2, we derive the expressions for B
− processes in the RPV SUSY. In Sec. 3, our numerical analysis are presented. We display the constrained parameter spaces which satisfy all the upper limits
, and then we use the constrained parameter spaces to present the RPV effects on
We also show the RPV effects on the dilepton invariant mass spectra and the normalized forward-backward asymmetries in B
Sec. 4 is devoted to our summary.
2 The theoretical frame for B 
where
. The explicit form of all operators O i (µ) and the Wilson coefficients C i (µ) calculated in the naive dimensional regularization (NDR) scheme can be found in [3] . The effective Hamiltonian leads the QCD corrected matrix element forb →dℓ
with P L,R ≡ (1 ∓ γ 5 )/2, s = q 2 and q = p + + p − ( p ± are the four-momenta of the leptons). We [32] , which can be written as [29] C ef f
with
In addition to the short distance contributions,b →dℓ + ℓ − decay also receives long distance contributions from both on-and off-shell vector mesons, which can be incorporated in C ef f 9 by the replacement [33, 34] 
This issue has been extensively discussed in literature [35, 36] .
With these formulas, one can derive the decay amplitudes for
Recently the form factors for B → π and B → ρ transitions have been improved in the framework of light-cone QCD sum rules [27] , with one-loop radiative corrections to twist-2 and twist-3 contributions, and leading order twist-4 corrections. Using the form-factors defined in [27] and the matrix in Eq. (2), we get the following amplitudes for B
where for B
and for B
The auxiliary functions in T 1,2µ are defined as [6] 
The kinematic variables (ŝ,û) are chosen to bê
which are bounded as
Note that the variableû corresponds to θ, the angle between the three-momentum of the ℓ + lepton and the B meson in the dilepton center-of-mass system (CMS) frame, through the relationû = −û(s)cosθ [37] . Keeping the lepton mass, the double differential decay branching ratios B π + and B ρ + for the decays B 
W , which leads to the branching ratio
In the SM, as shown by Eq.(33), the decays are suppressed by helicity conservation (the factor
) in addition to the small V td . However, they are very sensitive to new physics with pseudo-scalar interactions.
The decay amplitudes in the RPV SUSY
In the most general superpotential of the minimal supersymmetric standard model, the RPV superpotential is given by [23, 24, 25] 
where i, j, k = 1, 2, 3 are generation indices and c denotes a charge conjugate field.
respectively. The bilinear RPV superpotential terms µ iLiĤu can be rotated away by suitable redefining the lepton and Higgs superfields [25] . However, the rotation will generate a soft SUSY breaking bilinear term which would affect our calculation through penguin level. The processes discussed in this paper could be induced by the tree-level RPV couplings, so that we would neglect sub-leading RPV penguin contributions in this study. The λ and λ ′ couplings in Eq. (34) 
The RPV Feynman diagrams of B Fig.1 and Fig.2 , respectively.
From Eq. (35), we can obtain the RPV decay amplitude for B
with m b and m d are the quark's running masses at the scale m b .
and the auxiliary functions above are found to be
For the pure leptonic decays
and
Generally, the RPV couplings can be complex and their phase may induce new contributions, so we write them as
and φ Rp ∈ [−π, π] is the RPV weak phase.
The branching ratios with RPV contributions
Using the formulae presented above, we get the following results for the double differential decay branching ratios for the decays B
Since it is always assumed in the literature for numerical display that only one sfermion contributes at one time, we have neglected the interferences between different RPV coupling products, but kept their interferences with the SM amplitude, as shown in the following equations.
The normalized forward-backward asymmetries is defined by
Since 
The total decay branching ratios of the pure leptonic B 0 d decays are given by
with 
Numerical results and analyses
With the formulae presented in previous section, we are ready to perform our numerical analysis.
Firstly, we will specify the input parameters. Then we will use the latest up-limits of B(B
to get the constraints on the relevant RPV couplings. Finally, we will show the distributions of the branching ratios and the forward-backward asymmetries of these decays in the constrained RPV parameter space.
In the Wolfenstein parametrization of the CKM matrix elements, one has
The parameters λ,ρ andη have been updated by CKMfitter Group [39] , which read λ = 0.22568 
In our numerical analysis, we have used |V td V * tb | = |V td | = (8.27
+0.21
−0.49 ) × 10 −3 [39] .
For the semileptonic decays B 
For the form factors A 2 andT 3 , it is more appropriate to expand them to the second order around the pole [27]
(64)
The fit formula for A 1 , T 2 and f 0 is
The form factor T 3 can be obtained with
. The values of all the corresponding parameters for these form factors are listed in Table I , the uncertainties induced by F(0) [27] are also considered in the following numerical data analyses.
The values of other input parameters used in the numerical calculation and the experimental upper-limits are given, respectively, in Tables II and III . In the numerical calculations through the paper, we will take into account of the 1σ uncertainties of the parameters with relative large error bars.
With these inputs, we get the SM prediction B(B
which is smaller than the result (3.27 × 10 −8 ) in Ref. [19] . The difference is mainly due to the updated values for formfactors and CKM parameters.
As in the literature, we assume that only one sfermion contributes at one time with a mass of 100 GeV. For other values of the sfermion masses, the bounds on the couplings in this paper can be easily obtained by scaling them by factorf
2 . We present the branching ratios of the SM expectation in Table III Table IV , and the RPV weak phase is given in degree. [16, 28] listed in Table III , we get constraints on the six RPV coupling products. Subject to the constraints, the random variations of the parameters as discussed previously lead to the scatter plots displayed in Fig.3 . From the figure, we can see that the constraints RPV on λ
1i1 are sensitive to their RPV weak phases, which implies significant interferences between the squark contributions and the SM ones. As depicted by Fig.1 and 2 , the squark contribution amplitudes are ofb(V +A)dl(V −A)ℓ current structure after Fierz transformations, which are similar to the SM amplitudes. For the constraints on λ ′ λ * of sneutrinos are insensitive to their phase φ Rp . We summarize all the constraints in Table IV , where the recent updated bounds [42] are listed for comparison. It's shown that our bounds are more restricted than the previous ones. We note that the strong constraints on λ 
which are just one order higher that the SM expectations, and the constraints on other four RPV coupling products from the sneutrino exchange are mainly due to the upper-limits of 
Using the constrained parameter spaces shown in Table IV and Fig.3 , one can predict the RPV effects on the other quantities which have not been well measured yet in these processes.
We perform a scan over the input parameters and the new constrained RPV coupling spaces to get the allowed ranges for B(B
with the different RPV couplings products. The numerical results are summarized in Table V . For Table V , we have the following remarks.
B(B
• As shown by Fig.2(b) , the contributions of λ 
, respectively, arise from t-channel squark exchange. After Fierz transformation, the effective Hamiltonian due to the t-channel squrk exchange is proportional tō • At present there is no experimental data for B 
is not sensitive to the s-channel sneutrino exchanges within the constrained parameter space.
• A F B (B butions to the asymmetries due to squark exchanging are also zero, while the sneutino exchanging RPV contributions are also too small to be accessible at the LHC.
• It is found that the squark exchanging RPV contributions have significant impacts on 
For each RPV coupling product, we present the distributions and correlations of branching ratios and forward-backward asymmetries within the constrained parameter space in Fig.3 .
Numerical results are shown in Figs 
The RPV sneutrino exchange contributions to B
− are very similar to each other. We would take λ * i22 λ ′ i13 contributions as an example, which is shown by Fig.6. Figs.6(a)-(b) show that both B(B 
be enhanced to ∼ 1.5 ×10 −8 which saturates its present upper limit. As shown by Figs.6(c) and 
correlations among these observables could provide very strict bound on new physics models.
It should be noted that the present upper limit of B(B and 500f b −1 data, respectively. Searches with these data will surely improve the upper limits for these decays to large extent, which will give much stronger constraints on the RPV SUSY parameter spaces. On the other hand, the decays with enhancement of the RPV SUSY might be accessible at BABAR and Belle, especially, the B + u → ρ + ℓ + ℓ − decay. For such a measurement, a good ρ + → π + π 0 sub-vertex reconstruction is necessary to distinguish it from the much more copious decay B + → K * + ℓ + ℓ − → (K + π 0 )ℓ + ℓ − , and may be a challenging task at BABAR and Belle. In the near future at the LHCb, these decays might be measured with much larger data samples.
Summary
We have studied B could be enhanced to ∼ 10 −6 , which could be tested at BABAR and Belle.
Furthermore, we have shown the RPV effects on dilepton invariant mass spectra and the normalized forward-backward asymmetries in B The results in this paper could be useful for probing the RPV SUSY effects and will correlate strongly with searches for the direct RPV signals at future experiments. Negative experimental evidence for the deviations from the SM expectations in these decays would result in strong constraints on these RPV couplings.
